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Summary The 19th century is called the century of biological revolution when the contem-
porary norm of biology was born. Human tissue classification was also established by A. Ko¨lliker in
the middle of the 19th century. A. Ko¨lliker’s concept of enamel, while being similar to today’s
concept, differs to some extent leading to its pre-modern characteristic. The first edition (1852)
of ‘‘Hand buch der Gewebelehre des Menschen’’ had no description on A. Ko¨lliker classification of
enamel in the human body. In the second edition (1855) it was classified as simple organs but in the
third (1858) omitted again. Consequently, it is assumed that A. Ko¨lliker failed in the end to classify
enamel among any of the tissues, organs and systems.
# 2008 Japanese Association for Dental Science. Published by Elsevier Ireland. All rights reserved.1. Introduction
Enamel is called, in today’s classification of tissues, ‘‘special
epithelium.’’ The characteristic of epithelium shows, mor-
phologically speaking, dense alignment of epithelial cells and
fewer intercellular substances. Enamel, on the other hand, is
distinctive in its few cellular components, with highly miner-
alized tissues. Enamel comprises a morphological peculiarity
when compared to epithelium in which cellular components
mostly occupy. The concept of enamel as special epithelium
seems to stem from the state of being secretions of amelo-
blast as epithelial cells and covering the free face of the
teeth. The advocator of the concept of epithelium was Jacob
Henle (1809—1885). A. Ko¨lliker (1817—1905) established the
comprehensive concept of epithelium, connective tissues,
muscular tissues and nervous tissues. This paper examines,
from the standpoint of medical history, the formation of the
classification of tissues and the classification, in particular, of* Corresponding author. Tel.: +81 3 3483 0495; fax: +81 3 3483 0495.
E-mail address: fckdq506@ybb.ne.jp (A. Nishimaki).
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doi:10.1016/j.jdsr.2008.06.002enamel, using the first edition of A. Ko¨lliker’s ‘‘Handbuch der
Gewebelehre des Menschen’’ [1] (Fig. 1), the second edition
[2], and the third edition [3].
2. Development of the concept of tissues
According to Fujita and Fujita [4], the name ‘‘histology’’ was
given by J.K. Mayer (1787—1865). The origin of the concept
of tissues is considered to basically come from Aristotle’s
(BC384—BC322) concept of ‘‘eidos andmatter.’’ Actual living
organisms come into existence based on the process that the
essence of eidos comprising living organisms and the matter
as being its material are associated with final cause and
efficient cause. It can be said that the matter, as being its
material, is the starting point of the concept of tissues. The
concepts of ancient Greece and Romeflowed into the Islamic
world in medieval times, and those concepts again refluxed
themselves into Europe at the advent of the Renaissance. In
medicine, A. Vesalius (1514—1564), in his ‘‘The seven-
volume De humani corporis fabrica (On the fabric of the
human body),’’ did not mention the concept of tissues. It isl Science. Published by Elsevier Ireland. All rights reserved.
Figure 1 Cover page of the first edition of A. Ko¨lliker’s ‘‘Hand-
buch der Gewebelehre des Menschen’’ [1].
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of tissues greatly influenced by Aristotle. In those days
scientific concepts and theological concepts were nondivi-
sible. Murakami [5] remarks that until the end of the 17th
century European intellectuals had established the purpose
of their search for knowledge, or of the process of ‘‘philo-
sophy = philo + sophia,’’ in the understanding of God’s crea-
tion planning. It is by the Enlightenment movements in the
17th century that there occurred the transition from divine
learning to human learning. G. Morgani (1682—1771) in his
‘‘De sedibus et causis morborum par anatomen indagatis’’
(published in 1761) said that findings on living organisms and
corpses can show internal anomalies corresponding to clin-
ical manifestations. It was some progress for medicine that
he observed diseases as internal anomalies and placed
pathogenesis in local organs. R. Virchow (1812—1902) in
his ‘‘Cellular Pathologie’’ (published in 1858) said that it
is none other than cells that are the ultimate tangible unit of
life phenomenon in both conditions of health and disease,
being the source of any life activities. He also extended the
locality of pathogenesis to cells. The standpoint of X. Bichat
(1771—1802) is situated between G. Morgani and R. Virchow.
Ninomiya [6] referred to Bichat praising him as ‘‘Bichat who
shifted the cause of disease from organs to tissues.’’ Bichat
greatly influenced, in later times, in the sense that he
treated tissues morphologically and functionally in the unit
of physiological and pathological functions. He also classi-
fied, in his ‘‘L’e´tude sur lesmembranes’’ (published in 1800),
membranes into 21 categories through physical and chemi-
cal experiments including decomposition, drench and boil-ing, animal experiments and observations. This is a concept
in which different organs show the same symptoms when the
same tissues are affected by certain diseases. The idea of
Bichat’s ‘‘membrane’’ is that of today’s ‘‘fibers.’’ In the days
of Bichat there existed no modern concept of cells. He
treated fibers as the basic human constituent. This concept
has a significant role in determining connective tissues
today. After the discovery of cells, it is important, in terms
of medical history, that the basic constituent of human
beings shifted from fibers to cells.
3. A. Ko¨lliker’s classification of tissues, and
enamel
In terms of A. Ko¨lliker’s classification of tissues, Sakai [7] finds
that A. Ko¨lliker’s achievement lies in systematizing the mod-
ern concept of tissues. A. Ko¨lliker’s classification of tissues
was first listed in the first edition of ‘‘Handbuch der Gewe-
belehre des Menschen,’’ then modified in the second and
completed in the third. A. Ko¨lliker’s classification of tissues
(Fig. 2) sets the standards in adults.
The first edition:a. Simple tissues
1. Epidermic tissue
2. Cartilaginous tissue
3. Elastic tissue
4. Connective tissueb. Complex tissues
5. Osseous tissues
6. Smooth muscular tissue
7. Transversely striated muscular tissue
8. Nervous tissue
9. The tissue of the blood vascular glands
10. The tissue of the true glandsOrgans are also classified into ‘‘simple organs’’ and ‘‘com-
plex organs’’ as follows:
Simple organs are:(a) Horny tissue(b) The true cartilages and the elastic cartilages(c) The elastic ligaments(d) The tendons, ligaments, true fibrous membranes and
fibrocartilagesComplex organs are:(a) The smooth muscles and muscular membranes(b) The transversely striated muscles and muscular mem-
branes(c) The nerves, ganglia and higher central organs of the
nervous system(d) The vessels(e) The bones and teeth(f) The blood vascular glands(g) The true glands(h) The vascular membranes(i) The separate organs of the tractus intestinalis(j) The higher organs of sense
Figure 2 A. Ko¨lliker’s classification of tissues shown in his
book.
Ko¨lliker’s concept of enamel 135The systems are classified as follows:1. The external cutaneous system2. The osseous system3. The muscular system4. The nervous system5. The vascular system6. The intestinal system7. The urinary and sexual systemsIt is characteristic that the first edition uses two cate-
gories of ‘‘simple’’ and ‘‘complex’’ to classify ‘‘tissues’’ and
‘‘organs.’’ The concept of systems is almost completed in the
first edition. Teeth are classified as ‘‘complex organs.’’
The classification in the second editions is as follows:1. Cell tissues
Epidemic tissue, tissue of true glands2. Tissues of connective substance
Mucous tissue, elastic tissue, cartilage tissue, areolar
tissue, osseous tissue and dentine3. Muscular tissues
Tissue of the smooth muscles
Tissue of the transversely striated muscles4. Nerve tissues5. Parenchymatous tissues of vascular glandsThe category of organs:1. Simple organs
1. Epidermis, epithelia, hair, nails, enamel and lens2. Simple true glands
3. Vitreous body
4. Chorda dorsalis, true cartilage and elastic cartilage
5. Elastic ligaments and membranes
6. Tendons, ligaments, fibrous membranes and fibro
cartilage
7. Bones and teeth
8. Smooth muscles and muscular membranes
9. Transversely striated muscles and muscular mem-
branes
10. Nerves and ganglia
11. Simple glandular follicles2. Complex organs
12. Vessels
13. Vascular membranes
14. Special organs of the intestinal canal
15. Compound true glands with their individual sections
16. Compound vascular glands
17. Central organs of the nervous system
18. Higher organs of the senses.The third edition classifies four categories, as follows,
completing today’s histological classification.1. Cell tissues2. Tissues of connective substance3. Muscular tissues4. Nerve tissuesThe classification of organs is as follows:A. Simple organs
1. Organs of cell tissues
2. Organs of connective substanceB. Complex organs
3. Organs abundant in cell tissues
4. Organs abundant in connective tissues
5. Organs abundant in muscular tissues
6. Organs abundant in nerve tissues
7. Organs abundant in uniform tissuesIn terms of dentin, A. Ko¨lliker, in the second edition,
classified it as Tissues of Connective Substance, as in the
third edition. For cement, he classified it as Tissues of
Connective Substance, with the same classification as oss-
eous tissues. In the classifications of A. Ko¨lliker, we observe
some changes, in the classification of tissues, between the
first edition and the second, and also changes, in the classi-
fication of organs, between the second edition and the third.
The systems are characteristically unchanged in terms of
edition modifications. A. Ko¨lliker’s human classification as
an elemental concept put its basic concept in classifying
‘‘simple’’ and ‘‘complex.’’ The basic concept itself is con-
spicuously exemplified in the classification of organs in the
third edition. On the other hand, enamel is classified as one
of the simple organs, together with hair, nail and lens, in
being classified as organs. It is particularly notable to find
that enamel is classified as organs in comparison to dentin
and cement, in being classified as tissues. However, in the
Figure 3 A. Ko¨lliker adopted the term ‘‘enamel-prisms’’ in his
book for ‘‘enamel rods.’’
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tissue organs, enamel is excluded because of its absence of
cells. Furthermore, due to the fact that in the third edition
there is no classification for enamel, it is presumed that A.
Ko¨lliker was not able to classify enamel at all.
With regard to teeth, they are classified as complex organs
in the first edition, as simple organs in the second and as
organs abundant in connective tissue component of complex
organs, showing a fair transition of the classifying treatment.
4. A. Ko¨lliker’s concept of enamel
The study of enamel was started by J. Hunter et al., from the
latter half of the 18th century. In 1835, Retzius discovered
what we now call ‘‘enamel rods.’’ A. Ko¨lliker adopted the
term ‘‘enamel-fibers’’ or ‘‘enamel-prisms,’’ contrary to what
we now call ‘‘enamel rods’’ discovered by Retzius (Fig. 3),
frequently using the term of enamel-fibers in his work. This
means he was influenced by the traditional concept placing
the basic principle of the tissue concept in fiber components.
He also thought enamel-fibers are newly formed or have
disappeared in the middle of the enamel layer. Fujita [8]
said in 1956, with regard to this issue, ‘‘This problem is rather
challenging and no verification has securely been presented
to this day.’’ It was in the latter half of the 20th century that
it was demonstrated enamel fibers travel uninterruptedly
throughout the layers. A. Ko¨lliker assumed that enamel
cuticle is a substance secreted finally from ameloblast, along
with treating enamel spindles as a vast cavity. However,
seeing that there are many cases of modern clinical trials
including the interpretation of Bands of Hunter and Schleger
as the reinforcement mechanism of enamel, A. Ko¨lliker’sclinical trials on enamel can be considered to be a pre-
modern concept rather than a contemporary concept.
5. Conclusion(1) As for the classification of tissues, while the standards of
the basic human constituents were based on fibers in the
days of X. Bichat, A. Ko¨lliker based tissues on cells. This
was due to the development of cytology. It is, however,
assumed that using the term ‘‘enamel fibers’’ for enamel
was a remnant of the days when fibers were placed to be
the standards.(2) In A. Ko¨lliker’s classification of tissues, greater changes
are observed between the first edition and the second of
‘‘Handbuch der Gewebelehre des Menschen’’ in terms of
the classification of tissues and the classification of
organs. Significant changes are found in the classifica-
tion of organs between the second edition and the third.
The classification of systems shows no changes from the
first edition.(3) Regarding enamel, A. Ko¨lliker concluded that enamel is
an aggregate of enamel rods, that enamel cuticle is the
last secreta of ameloblast, that enamel rods are, in mid-
course, newly formed or have disappeared and that
enamel spindles are hollow, all of which are different
from today’s knowledge and, consequently are pre-mod-
ern.(4) There can be noted a certain transition in the treatment
of teeth, with its classification as complex organs in the
first edition, as simple organs in the second and as organs
abundant in connective tissue components of complex
organs in the third.(5) In A. Ko¨lliker’s classification of enamel, it is supposed,
though classifying it as simple organs in the second
edition, that he excluded it in the third and failed finally
to classify it among any of tissues, organs or systems.References
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